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Abstract 
The National Tertiary Education Union (NTEU) is the only union working entirely in 
tertiary education around Australia. The union has over twenty four thousand members 
comprising of academic and general staff. NTEU maintains membership records at three 
levels, national, state and branch. The information collected includes gender, age group, 
employment type and work classification. 
In late April 2005, Higher Education Workplace Relations Requirements (HEWRRs) 
legislation was introduced by the Australian government. This legislation imposed 
restrictions on the interaction between the universities and the union and also curtailed 
an automatic involvement of the union in the resolution of workplace issues. The 
general area of interest lies in whether there was a significant impact on the NTEU 
membership density following the introduction of the HEWRRs. 
Time series analysis techniques such as de-trending to achieve stationarity and 
autoregressive integrated moving average models are· applied to the proportion of the 
NTEU members to Full-Time Equivalent (FTE) staff before the introduction of the 
HEWRRs legislation. The impact of the HEWRRs is measured using intervention 
analysis. 
The overall analyses for the whole of Australia show a significant immediate impact as 
a cons~quence of the legislation. Some individual branches are unaffected. Gradual or 
no impact of the legislation for the divisions was observed. 
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1 - Introduction 
The National Tertiary Education Union (NTEU) is a specialised union which comprises 
staff working in the tertiary education sector in Australia. It was formed in 1993 from 
five individual unions (Federated Australian University Staff Association, Union of 
Australian College Academics, Australian Colleges and Universities Staff Association, 
University of Adelaide General Staff Association and Australian National University 
Administrative and Allied Officer's Association). NTEU is campus-based and engages 
in advocacy on behalf of both academic and general staff. The NTEU has been an 
effective negotiator of enterprise agreements and typically achieves the majority of 
claims made. 
At present, NTEU has members organised not only in universities but also in TAFE 
colleges, research institutions, adult education providers, college companies and 
independent post secondary education providers. In this study we focus on the NTEU 
membership in universities. 
On 29th April 2005, a new scheme announced by the ·Howard Government came into 
force - Higher Education Workplace Relations Requirements (HEWRRs). The 
government would increase the Commonwealth Grant Scheme (CGS)1 funding to all 
universities who would meet the requirements of the legislation. The HEWRRs 
consisted of five main requirements: 
1. Choice in agreement making: Higher Education Providers (HEP)2 must offer 
Australian Workplace Agreements (A WA)3 to all new employees employed 
after 29th April 2005 and to all previous employees by 31st August 2006. 
2. Direct relationship with employees: enterprise agreements, policies and 
practices must allow for direct consultation between employees and the 
institution. 
1 CGS provides contributions set by discipline which aid in teaching and providing scholarships. 
2 HEP is either a 
a. University 
b. Self-accrediting provider or 
c. Non self-accrediting provider 
3 A W A is a contract between a member and the employer. 
1· 
3. Workplace flexibility: promotion of fair and flexible arrangements. 
4. Productivity and performance: fair and transparent performance management 
scheme that rewards high performing staff and effectively manages poor 
performing staff. 
5. Freedom of association: the HEP must not use the CGS funds to pay union staff 
salaries, or fund union facilities and activities. 
From a union perspective the HEWRRs were designed to undermine the role of the 
union in the workplace. In particular, HEWRRs would reduce the consultative process 
of the union with its members and the flexibilities mandated under 3 in tum could create 
a smoother path for redundancies and termination. 
Thus, since the introduction, HEWRRs have imposed restrictions on the interaction 
between the union, its members and the universities. The legislation also curtailed an 
automatic involvement of the union in the resolutions of workplace issues. Questions 
were raised whether the legislation should be taken as an opportunity or as a threat. 
The union devised strategies to protect their members against the legislation and after 
the election of the Rudd Government in 2007, the HEWRRs legislation was effectively 
abandoned. 
This research is conducted to investigate whether or not, the HEWRRs legislation had a 
measurable impact on .the NTEU membership density. The NTEU membership density 
is expressed as a fraction of full-time a staff member is working. 
1.1 Background 
Australian HEP comprise of thirty nine universities of which thirty seven are public and 
the remaining two are private, four self-accrediting higher education institutions and 
more than one hundred and fifty non self-accrediting higher education institutions. Out 
of the 39 universities, NTEU kept track of their members for 36 universities. Therefore 
the NTEU members in the 36 universities will be taken into consideration. Since the 
HEWRRs only impacted on the universities, other education institutions will not be 
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considered. As a requirement for confidentiality of the data, alternative codes for the 
states, university groupings and individual universities will be used. 
Since the counts of members are in numeric form, mathematical analysis can be used to 
measure the impact of the legislation on the membership of the union. Membership 
density will be used rather than the raw membership data. The raw data represent the 
number of academic and general staff members at a specific university and do not 
account for the size of the workforce at that particular university. It is for this reason 
that the analysis will be based on membership density which is calculated as the ratio of 
the number of full-time equivalent members to that of full-time equivalent staffworking 
at the university. The annual statistics collection for institutional staff numbers is 
administered by the Department of Education, Training andY outh Affairs (DETY A). 
The investigation can be looked at from a sociological or socio-political point ofview, 
but in this case, only a statistical approach will be used. 
Monthly membership numbers can be accessed from January 1996 up until March 2009. 
They can be categorised by the work classification, work sector or gender. In this 
research academic and general staff membership figures will be analysed for full-time 
and fraction of full-time members, casual members will not be taken into consideration. 
Monthly membership density will be analysed from the start period of August 2000 up 
to December 2008. Records prior to August 2000 contained overall membership figures 
only. 
Since membership records can be obtained on a monthly basis, time series analysis can 
be applied to this type of study. The HEWRRs legislation will be treated as an external 
force, thus making intervention analysis an applicable concept to use for conducting the 
research. The introduction of the HEWRRs is the only type of intervention investigated 
in this study. Other interventions such as elections or national NTEU campaigns could 
be considered in future research. 
This research will provide an insight into the effect, if any, on the NTEU membership 
density of Government legislation intervention designed to reduce the role and influence 
of the union. Since no previous studies based on membership figures and changes with 
3 
the legislations and laws have been conducted, the outcome of this research will provide 
valuable statistical information on the impact of this legislation. 
1.2 Purpose of the Study 
The purpose of the study is to analyse the impact, if any, of the HEWRRs legislation on 
the NTEU membership density. The membership density will be organised in levels. 
The first level looks at the overall membership density for both academic and general 
staff and later separate analysis for each staff group will be investigated. In the second 
level, each state (division) will be analysed. In the third level, university groupings by 
designation will be analysed and lastly in level four the branches (individual 
universities) will be examined. 
The reason for having the analysis done at different levels is to investigate if there is an 
overall impact, or if the impact, if any, is just at the state levels or only at the branches. 
1.3 Literature Review 
Applications of time senes analysis and intervention analysis have progressively 
become important in various fields of research, including medicine, engineering, 
business environments and also some areas of politics. Over the years the literature has 
expanded and many books and articles have been published. For historic precedence the 
text by Box and Jenkins (1970) is often used as a reference. 
No previous research has been conducted to determine the impact of the HEWRRs 
legislation on the NTEU membership density; however plenty of articles based on 
different Australian laws and legislation have been published. These articles include the 
outcome of introducing seat belt legislation in Queensland on the road toll by 
Bhattacharyya and Layton (1979). In this research, the authors analysed the 
autocorrelation and the partial autocorrelation functions ofthe quarterly data of relevant 
road deaths in Queensland to build up a univariate time series model before the 
introduction of the legislation. These pre-intervention results were then applied to post-
4 
intervention analyses. Results concluded that the seat belt legislation played a very 
important role in reducing the road deaths by up to 46%. Later Harvey and Durbin 
(1986) also analysed the .. effect of seat belts legislation, this time on British road 
casualties. They concluded that the introduction of the seat belt legislation reduced the 
numbers of serious injuries and deaths of drivers by 23% and by 30% for front seat 
passengers while there was no significant change for back seat passengers. 
Another area where intervention analysis was applied is the consideration of the impact 
of smoke-free laws. In early 2002, a study involving the effects of a smoke-free law on 
restaurant business in South Australia was investigated (Miller , Wakefield and Hyland 
2002). Monthly turnover ratios of cafes and restaurants were analysed for the time 
period from 1991 to 2001. The authors came to the conclusion that there was a minute 
effect on restaurant business as a result of the smoke-free laws. Lal and Siahpush (2008) 
published an article concerning the effect of smoke-free policies on electronic gaming 
machine (EGM) expenditure in Victoria. The ratio of monthly expenditure from July 
1998 to December 2005 for Victoria were analysed and the results showed a long term 
decrease on expenditure, thus slowing gambling losses and also reducing exposure to 
second-hand smoking. 
In the early 2007, an article on the alcohol tax cuts and alcohol-positive deaths was 
published (Anna, Reino, Erkki and Kari 2007). The authors aim was to analyse the 
impact of alcohol regulation changes in Finland on the alcohol-positive sudden deaths. 
They focused on the removal of the traveller's allowance quotas on alcohol imports and 
decreasing the Finnish alcohol excise duty rates. They applied Auto Regressive 
Integrated Moving Average models to these changes. Their findings were that the 
removal of the traveller's allowance had no impact on alcohol-positive sudden deaths, 
but the impact of alcohol tax cuts was significant, resulting in an estimated eight 
additional alcohol-positive deaths per week. Hence from their findings, they concluded 
that the alcohol tax cuts were associated with an increase in the number of sudden 
deaths involving alcohol. 
Policy changes (Stefano, Deborah, David and Elisa 2006) are one type of intervention. 
Other events such as natural disasters, strikes, advertising campaigns (Alessandra and 
Giorgio 2005) and introduction of GST rates (Layton and Valadkhani 2004, Angeriz 
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and Arestis 2008) can also be treated as interventions. Box and Tiao (1975) were the 
first . to publish an article on intervention analysis. Here they considered two 
applications, monthly Los Angeles oxidant data from January 1955 to December 1972 
and the monthly consumer price index rate change in the United States from July 1953 
to December 1972. For the monthly oxidant data, they used two types of intervention. 
One, diverting traffic by opening the freeway and the other a new law which would 
reduce the allowable proportion of reactive hydrocarbons in the gasoline sold locally. 
Their aim was to investigate whether these two interventions had an impact on the 
reduction of oxidants. They concluded that the interventions resulted in a progressive 
reduction in the oxidant levels. 
The recent mortgage crisis in the United States has caused the world economy to enter 
into recession. An article by Roy and Chan (2009) analysed the impact of the financial 
crisis on the manufacturing industry in China. In the end, the results showed a negative 
impact concluding that indeed there was a major impact on the industry as a 
consequence of the recession. 
In this research, the introduction of the HEWRRs will be treated as the intervention and 
applying time series techniques and intervention analysis, the impact, if any, of this 
external force will be investigated. 
1.4 Thesis Outline 
This section provides the structure of the thesis. Section 2 deals with the mathematical 
techniques and methodology that. will be applied to the research. The structure of the 
data sets is provided in Section 3. Section 4 provides the data analysis while the 
discussions and conclusions are contained in Section 5. 
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2 - Mathematical Methodology 
In this chapter an introduction to time series and intervention analysis is given. 
2.1 Time Series Analysis 
A time series is described as a sequence of observations ordere.d by a time parameter, 
(Granger and Newbold 1986). The sequence of observations could be in the form of 
years, months,' weeks, days or even hours and minutes. Time series can be measured 
continuously or discretely. In this thesis, discrete time series measurements will be used 
since the membership figures are recorded on a monthly basis and contain no missing 
figures. 
A time series is called stationary if the mean and variance of the observations are 
constant and do not change over time, otherwise the series is said to be non-stationary. 
Most real time series observations are non-stationary. To obtain stationarity, the series 
is decomposed into trend (long term change in mean level), seasonal (annual variation) 
and irregular component. 
The most common approaches for modelling time series are: 
• Autoregressive (AR) models 
• Moving average (MA) models 
• Box-Jenkins approach: uses a combination of AR and MA models. (ARMA, 
ARIMA) 
In this thesis, intervention analysis will be carried out and in order to do so, an ARIMA 
model will be fitted. Since an ARIMA model is a combination of an AR and an MA 
model, these are reviewed first. In what follows the response variable at time t is 
denoted by Xt, where t is a discrete time variable. 
2.1.1 Autoregressive model-AR (p) 
A process Xt is said to be an autoregressive process of order p if 
7 
(2.1.1) 
where, Xt denotes the response variable at time t, a 1, a 2 ... aP are coefficients to be 
estimated and Et is a purely random process with mean zero and variance cr; (Chatfield 
2004). 
If the values of the autoregressive model (2.1.1) involve the two previous 
times Xt-1> Xt-z, then the model is said to be of order two and written as AR (2). 
Using a back shift operator, which is defined by BiXt = Xt-i, equation (2.1.1) can be 
re-written as: 
(2.1.2) 
where <j>(B) is a polynomial of order pin B, such that 
2.1.2 Moving Average models- MA (q) 
A process Xt is said to be a moving average process of order q if 
(2.1.3) 
where, £t is a pure random process with mean zero and variance cr;, ~1 , ~ 2 ... ~q are 
coefficients to be estimated, and Et-1> Et-z, ... , Et-q are the errors in the previous time 
periods (Chatfield 2004). 
Using a back shift operator, equation (2.1.3) can be re-written as: 
8 
(2.1.4) 
where 9(B) is a polynomial of order q in B such that 
9(B) = 1 + ~ 1 B + ... + ~qBq 
The values of the parameters p and q are obtained from the plots of the Auto-
Correlation Function (ACF) and Partial Auto-Correlation Function (PACF). 
2.1.3 Auto-Correlation Function (ACF) 
Correlation describes the degree of relationship between two variables and the 
covariance is the average cross-product of two variables (Chatfield 2004). The general 
equation for calculating the auto-covariance function is given by 
1 N-k _ _ 
ck =-:I ext -x)(Xt+k -x) ~ t=1 . (2.1.5) 
Here Ck represents the auto-covariance coefficient at lag k, N is the number of 
observations and x is the mean of the observations. Fork= 0, we obtain the variance. 
The auto-correlation is the quotient of the autocovariance at lag k and the variance 
(Chatfield 2004). 
(2.1.6) 
An ACF plot is a graph of Ck against k. It is useful for detecting randomness in the 
series and for identifying the type of process. For an AR(p) model, the plot of the ACF 
decays gradually to zero while for a MA( q) model, the ACF truncates after q lags. 
2.1.4 Partial Auto-Correlation Function (PACF) 
The order of an AR process can also be determined by the partial auto-correlation 
function. When fitting an AR(p) model, the last coefficient aP will be denoted by nP 
and measures the excess correlation at lag p which is not accounted for by an AR(p-1) 
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model. It is known as the pth partial autocorrelation coefficient and, when plotted against 
p, gives the PACF (Chatfield 2004). The partial autocorrelation coefficients, like any 
correlation coefficients, lie between -1 and ·1. 
The plots ofthe ACF and PACF provide the first step in the analysis ofthe Box-Jenkins 
Models (ARIMA). 
2.1.5 Box-Jenkins Models (ARIMA) 
The Box-Jenkins approach was developed by Box and Jenkins (1970) and has since 
then gained popularity. Although it is powerful and flexible to use, it requires 
experience in order to analyse the parameters. The Box-Jenkins approach works 
effectively when the number of observations is large. However many researchers still 
use this model for data sets containing as few as 50 observations. 
Many time series are non-stationary, therefore AR and MA models cannot be applied 
directly. In the Box-Jenkins method the general approach is to difference the observed 
time series until it appears to be stationary. An AR, MA or ARMA 4 model can then be 
fitted to the differenced series, hence the name Autoregressive Integrated Moving 
Average, ARIMA, with the notation in the form ARIMA(p, d, q) and a general equation 
as: 
(2.1.8) 
where d is the number of times the series is differenced to obtain stationarity, <j)(B) and 
S(B) are defined in equation (2.1.2) and (2.1.4). One of the assumptions made here is 
that the mean is zero5• 
4 Is a class of models where the AR and MA processes are combined to give an ARMA process of order 
(p, q). Using back shift operator, the general form of an ARMA process takes the form of lj>(B)Xt = 8(B)Et 
5 If the data X1 have a non-zero mean ~, then they are replaced by xt - ~ before constructing the 
appropriate model. 
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Box and Jenkins later introduced the seasonal ARIMA, SARIMA model that 
incorporates the seasonality of a time series. The general form of a seasonal ARIMA 
model is 
(2.1.9) 
where B denotes the backshift operator. <j>P <I>P eq 8Q are polynomials of order p, P, q, 
and Q, respectively. The operators Vd = (1- B)d and V~ = (1- Bs ) 0 represent the 
non-seasonal and seasonal differencing terms respectively (Chatfield 2004). The above 
SARIMA model (2.1.9) is said to be of order (p, d, q) (P, D, Q)5• 
2.1.6 Steps for deriving a Box-Jenkins model 
There are three stages in building a Box-Jenkins model: 
1. Model identification: Here the stationarity of the series is determined from 
either a time series plot or from the ACF plot. If the series is not stationary, 
differencing is used to achieve stationarity. Once the stationarity and 
seasonality have been addressed, the next step is to identify the order of the 
AR and MA terms. 
2. Model estimation: here after obtaining the best model for the 
ARIMA/SARIMA process, the equation for the model is derived. 
3. Model validation: this stage deals with the analysis of the residuals. To 
check for the fit, the residuals should be a purely random process, that is, 
they should be mutually independent and identically distributed. 
2.1.7 Residual Analysis 
When a model is identified and has been fitted to the data series, it is advisable to check 
that the model provides an adequate description of the data. 
The best p and q values of the AR and MA models are chosen based on a model-
selection statistic such as the Akaike Information Criterion, AIC, (Akaike 1973). The 
AIC statistic is defined as: 
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AIC = -2ln (l) + 2r 
where, l represents the maximum likelihood term, which is usually approximated by 
Mn(S/N), here S denotes the residual sum of squares, and N is the number of 
observations. For an ARMA (p, q), 
r=p+q+1 
where r denotes the number of parameters estimated in the model including a constant 
term. 
After obtaining the best order for the AR and MA models based on the minimum AIC 
value, a plot of the residuals are constructed. These plots include the standardised 
residuals, ACF residuals and the Ljung-Box statistics (Ljung and Box 1978) plots. 
For the standardised residuals plot, at 95% confidence level, the null (Ho) and 
alternative (HI) hypothesis state the following 
H0 =the residuals are randomly and identically distributed 
HI= the residuals are not randomly and identically distributed. 
For the ACF residual plot, the null hypothesis states that the values of the 
autocorrelation are close to zero, while the alternative hypothesis states that they are 
different from zero. The majority of the residuals for the model should fall within the 
95% confidence bounds. In the Ljung-Box statistics plot, the significance values should 
be greater than the p-value of0.05. 
2.2 Intervention Analysis 
Intervention analysis is an extension of the Box-Jenkins approach and is applied to time 
series observations to analyse the impact caused due to an external factor. The external 
factor could be for example a policy change or a natural disaster. 
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An ARIMA model is first fitted to the senes before the intervention. The noise 
component from this model is then used for the analysis of the remaining series. Hence 
the NTEU membership density series before the introduction of the HEWRRs 
legislation will be modelled as the pre-intervention series and the series after the 
introduction as the post-intervention series. 
The general form of an intervention is as follows: 
(2.2.1) 
where, Nt is the noise component of the ARIMA pre-intervention model and f(It) is the 
intervention function at time t (Yaffee and McGee 2000). 
One of the assumptions made during intervention analysis is that apart from the noise 
component of the series, the only exogenous impact on the series is that of the 
intervention (Yaffee, et al. 2000). It may become d~fficult to isolate the effect of a 
particular intervention if there are other significant effects affecting the response series 
at the same time. The other assumption is that the Nt component does not change after 
the beginning of the intervention. The only changes that can be identified are assumed 
to arise from the impact of the intervention. The pre-intervention series contains 57 
observations and there are 44 observations for the post-intervention series, hence 
another assumption made here is that there are enough observations to carry out 
intervention analysis. 
2.2.1 Modelling the noise component 
One of the assumptions made during intervention analysis is that the noise component 
Nt remains the same prior to the introduction of the intervention. For an ARIMA (p, d, 
q) model the noise component, in equation (2.2.1) can be rewritten as: 
N = 8(B) E 
t <j>(B)(1- B)ct t 
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and for a SARIMA model: 
N = 8q(B)8Q(Bs) E 
t <!>P (B)<I>p (BY VctV~ t (2.2.2) 
where, the variables and operators are explained in section 2.1.5 (Box-Jenkins Models 
(ARIMA)) 
2.2.2 Modelling the intervention 
Here the intervention part of equation (2.2.1) can now be rewritten as: 
f(I ) = w(B) I 
t 8(B) t (2.2.3) 
where, w(B) and 8(B) are the polynomials in B of order (k ,r) represented as: 
and 
The intervention variable It is a discrete variable. The two types considered are the 
temporary intervention and the permanent intervention. The temporary intervention is 
described by a one-time dummy variable known as a pulse function and can be 
represented in the following form: 
It(p) = {01 t :;t: T 
t = T 
A permanent intervention is described by a step function: 
It(s) = {0
1 
t < T 
t~ T 
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(2.2.4) 
(2.2.5) 
If only one type of intervention is involved, then equation (2.2.1) can be written as: 
y = 8(B) £ + ro(B) I 
t <j>(B)(1 - B) d t 8(B) t 
for an ARIMA noise component and for a SARIMA as 
(2.2.6) 
When dealing with a continuous intervention, if the response occurs immediately, then, 
o(B) = 1 and equation (2.2.1) can be written as: 
y = N + rovB)IcsJ 
t tu.J\. t (2.2.7) 
If a gradual response is obtained then: 
y = N + ro(B) IcsJ 
t t 1- o(B) t (2.2.8) 
where, co(B) is the effect on the time series at the moment of intervention, o(B) is the 
rate describing the pace at which the impact is realised. At 95% confidence level, the 
null (1{0) and alternative hypothesis (H1) state the following: 
H0 = the intervention has no significant impact 
H1 = the intervention has a significant impact 
If the value of the t-statistic of the effect is greater than or equal to the t-value 
corresponding to the level of confidence, then the above null hypothesis is rejected and 
the alternative is accepted and hence it is concluded that the intervention has a 
significant impact. 
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3- Data Sets 
In this chapter the details of the data sets are .provided. 
The raw data obtained are organised by the NTEU and are represented in Microsoft 
Excel and Microsoft Access format. Some of the information from the Microsoft Excel 
file includes: 
a. Individual university and combined state summary: this contains information on 
the annual trend of membership numbers for individual universities and the 
annual statistics of combined universities in given states. 
b. Membership data for each university: this provides the count of monthly 
membership numbers for each university branch from January 1996 to 
December 2008 
c. State statistics summary: keeps track of the membership numbers for the 
Australian states. 
The Microsoft Access database contains one confidential file, member_ dump and one 
public domain file, called DEST_dump .. The member_dump registers basic information 
of all NTEU members. Some of the information recorded includes the member's 
institution name and location, position and work status, that is, if a member is full 
time/part time/casual and the work classification of the member, that is, whether the 
member falls into the academic staff category or from the general staff. The gender of 
the member is also recorded. · 
The Department of Education, Employment and Workplace Relations (DEEWR) is 
responsible for the annual statistics collection of staff resources for Australian 
universities which receive the Commonwealth funding. Some of the annual statistics 
collected provide information about the students, staff, their finances, research 
publication and educational profiles. This confidential information is then stored in an 
Access file as DEST_dump. Observing the staff for the 36 universities, the following 
time plot is produced. 
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Figure 3.1.1: Australia-wide staff number. Black, Red and Green represents total, general and 
academic staff respectively. 
Observing the total staff for the country which is represented by the black line shows a 
gradual increase throughout the years. However the increase is steeper for the pre-
intervention period compared to the post-intervention period. During the post-
intervention period the rate at which the staff numbers are increasing is slower than in 
the pre-intervention period. There are more general staff (represented by the red line) 
than academic staff (green line). For the general staff, after the HEWRRs were 
introduced, the number of staff remains constant till mid 2006, thereafter a slight 
increase in the number of staff is observed, but as for the academic staff, there is a 
continuous increase after the legislation is introduced. Overall, both academic and 
general staff show a linear increase in staff numbers. 
Using the DEST_dump and member_dump files, relevant information was extracted. 
The full-time equivalent (FTE) members from the member_dump will be expressed as a 
fraction of full-time a staff member is working. The membership density as at August 
2000 till December 2008 is calculated as follows: 
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Numbers of FTE NTEU members at a given university 
NTEU membership density=--------------------
Number of FTE staff at the given university 
The diagram in Figure 3.1.2 shows the time sequence plot of membership density for 
the Australia-wide membership, where both the academic and general staff are 
combined. 
z;. 
'iii 
c 
Q) 
0 
a. 
::c 
(I) 
L.. 
Q) 
.0 
E 
Q) 
:;;E 
(") 
0 
C'! 
0 
...... 
0 
q 
0 
Australia-wide Members 
I I I 
HEWRRs!lntroduclion 
I 
I I j 
1 Rre-lnteNention ; 1 
------r---- ---- ~ --.----- .;.. -------- i-- ----- --r --, 
j i j j i I 
! ' . ' : ' ' 
2002 
I 
I 
I • 
2004 
: i Post-lnjerventi¢n i 
r-·-·- .- -------· . ·-·------ . --·-·----. 
! ! ! ! 
I I I I 
i i i i 
. . . 
I I 
2006 
I i. 
I 
! 
! 
I 
I 
I 
2008 
August 00 - December 08 
Figure 3.1.2: Overall membership density time series plot for the Australia-wide members, 
showing the pre and post-intervention period. 
A continuous gradual decline in the membership density is observed from August 2000 
till December 2008. However the decline is much greater after the introduction of the 
HEWRRs. A drop in the density is observed at the end of every year, as shown by the 
grid lines. During 2003, there is a drop in the membership density which remains steady 
for a certain period and suddenly there is an increase. A cause for this increase could be 
NTEU national strikes during the 2003 enterprise bargaining campaign. One had to be a 
member in order to take part in the campaign. At the start of 2004, there is another drop 
18 
in membership density. Another rise in the membership density is observed as soon as 
the HEWRRs are introduced, probably because of the NTEU national campaign which 
occurred in mid-2005. However, as stated earlier, HEWRRs legislation will be assumed 
to be the only external factor present. Figure 3.1.3 represents the time plot by staff 
designation for the Australia-wide membership densities. 
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Figure 3.1.3: Time series plot for the academic and general members for the whole of Australia. 
The membership density of the academic staff behaves similarly to that for the 
academic and general staff combined. The behaviour for general staff is different. There 
is a gradual increase in the membership density during the pre-intervention period. The 
increase in the membership density stops at the year 2006, after which there is a drop. 
OveralJ the post-intervention period shows a gradual decline. For both staff, academic 
and general, there is an increase in the density as soon as the HEWRRs legislation 
comes into effect. However this is followed by a decline from 2006 to 2008 then an 
increase is observed. It can be observed that during the national NTEU campaign which 
took place in mid-2005, there was an increase in members for both types of staff. 
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4 - Data Analysis 
This section provides the analysis of the NTEU membership density. A model for the 
pre-intervention period is first obtained. Using its noise component together with 
intervention analysis the post-intervention model is determined. 
NTEU membership densities are examined at four different levels, that is: 
1. Australia-wide: The total membership densities for the 36 universities combined 
are investigated. Separate analysis for the academic and general staff are also 
carried out. 
2. States: combined membership densities for the academic and general staff of 
each state are investigated. Six states are analysed, namely Western Australia, 
South Australia, Victoria, New South Wales, Queensland and lastly a 
combination of Northern Territory, Australian Capital Territory and Tasmania. 
Due to confidentiality of the data these states are randomly abbreviated as state 
A, B, C, D, E and F. 
3. Australian university groupings: five groupings by designation will be analysed. 
These five groupings are Group of Eight (G08), Innovative Research 
Universities (IRU), New Generation Universities (NGU), PREE89 and 
Australian Technology Network (ATN). These groups are also randomly coded 
as I, J, K, LandM. 
4. Individual branches: each of the universities will be analysed. 
In this section, a detailed analysis for the Australia-wide data is considered. Outputs of 
the states and university groupings are tabulated and presented in the body of the thesis 
with detailed results and other outputs presented in the Appendices A, Band G. 
4.1 Australia-wide Membership Density 
4.1.1 Pre-Intervention Modelling 
For the pre-intervention modelling, time senes techniques described previously in 
section 2.1 are applied. A time series plot is created for the NTEU membership density 
to analyse the trend and seasonality component, if any. 
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The Figure 4.1.1 shows a time series plot for the overall NTEU membership density. 
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Figure 4.1.1: Time series plot for the pre-intervention period for the combined membership 
density for Australia-wide. 
From Figure 4.1.1, the trend for the overall membership density appears to be fairly 
constant with some drops at end of year 2001 throughout 2004. This indicates some sign 
of seasonality within the data, though there is no major change in the proportion of the 
membership density. An analysis of the boxplot was also conducted to identify whether 
any outliers are present within the series, however for the Australia-wide membership 
density series no outliers were detected. 
Some form of transformation is required to remove the trend. A first difference 
transformation, where \71 Xt = Xt - Xt_1 is applied to the data and plots of the ACF and 
P ACF are obtained. 
21 
LL 
0 
< 
II') 
0 
I 
0 10 
Australian Overall 
20 
Lag 
Pre-Intervention Period 
30 40 
Figure 4.1.2: ACF plot of the first differences for the overall membership density. 
The ACF of first differences ofthe pre-intervention model is given in Figure 4 .1.2. First 
differencing sufficed to make the series stationary as the series showed a constant trend. 
The lag values that cut the 95% confidence bounds, which are represented by the red 
dotted lines, are significantly greater than zero. It can be observed that the first 
significant peak occurs at lag 12 followed by lag 24 and lag 36 just meets the border of 
the confidence region. These peaks show a steady decline. Since there is a significant 
peak at every l21h lag, seasonality could be assumed. 
However, the plot of the P ACF given in Figure 4.1.3 shows no sign of seasonality. The 
only significant peak occurs at lag 12. The rest of the partial autocorrelation coefficients 
lie within the 95% confidence intervals. 
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Figure 4.1.3: PACF plot of first differences for the overall membership density. 
An appropriate model based on Figure 4.1.2 and Figure 4.1.3 can be represented as 
ARIMA(O, 1, 0)(1, 0, 0) 12 and will be named as ARIMA model 1. Since no seasonal 
difference is applied, the value of D is zero. The remaining parameters of the ARIMA 
model I are obtained by examining the plots ofthe above ACF and PACF. 
Observing the ACF in Figure 4.1.2, some sign of seasonality is identified, which is not 
captured in the PACF plot (Figure 4.1.3). Instead of first applying a first difference 
transformation to the raw data, an annual seasonal difference is applied. Figure 4.1.4 
shows the plot of the ACF using Iih seasonal difference. In the ACF plot the values of 
the auto-correlations tend to decay gradually towards zero. The first four lags appear to 
be significant since they all cut above the 95% confidence level. The plot shows no sign 
of a trend or further seasonality. This can also be observed from the P ACF plot. The 
only significant peak occurs at lag one. 
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Figure 4.1.4: ACF plot of the deseasonalised data for the overall membership density 
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Figure 4.1.5: P ACF plot of the deseasonalised data for the overall membership density 
The appropriate model obtained from Figure 4.1.4 and Figure 4.1.5 can be written in the 
form ARIMA(l, 0, 0)(0, l, 0) 12 and this model will be named as ARIMA model 2. 
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A diagnostic check is obtained of the residuals for both ARIMA model 1 and ARIMA 
model2. From these plots any extreme outliers can be detected 
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Figure 4.1.6: Diagnostic check plot for the pre-intervention residuals of ARIMA model 1. 
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Figure 4.1.7: Diagnostic plot showing the pre-intervention standardised residuals and their ACF 
values of ARIMA model2. 
Figure 4.1.6 and Figure 4.1. 7 show the diagnostic plots. The first plot shows the 
standardised residuals. The second shows the residuals of the ACF and lastly the Ljung-
Box statistics plot. The Ljung-Box statistics plot for ARIMA model 2 is not shown 
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since the p-values are large. The ACF residual plot for the second model shows a 
significant peak at lag 12. 
From the above two models, the model with the lowest Akaike Information Criterion 
(AIC) value will be selected. Table 4.1.1 gives the output of the two models obtained 
using R statistical software. 
Table 4.1.1: Coefficients of ARIMA Modell and ARIMA Mode12 
~odel1:~(0,1,0)(1,0,0)12 Model2: ARIMA(1, 0, 0)(0, 1, 0)12 
sAR(1) AR(1) 
Coefficients 0.6994 0.9307 
S.E 0.0812 0.0497 
AIC -500.61 -398.21 
Where sAR(l) represents the seasonal component and the AR(l) represents the non-
seasonal term, S.E is the standard error. The pre-intervention noise models for ARIMA 
model 1 and model 2 take the forms of: 
ARIMA model 1 (4.1) 
ARlMA model 2 (4.2) 
Model 1 has a lower AIC value than model 2 and its residuals are randomly distributed 
with no significant peaks in the ACF plot. Hence the null hypothesis which states that 
the residuals are randomly distributed is accepted. The p-values are also greater than 
0.05. 
Model 2 appears not to show randomness. The ACF residual plot (Figure 4.1. 7) shows a 
significant peak. This on the other hand shows some sign of seasonality which could not 
be captured by observing the ACF in Figure 4.1.4 and the PACF in Figure 4.1.5. Further 
investigations were made and model2 was modified to ARIMA (1, 0, 0) (0, 1, 1)12. 
Nonetheless, the residual analysis showed similar results to that in Figure 4.1. 7. Thus 
model 1 is accepted as the pre-intervention model for the noise. 
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4.1.2 Post-Intervention Modelling 
In this section, the HEWRRs legislation will be treated as an external force. Hence as 
explained in the previous section, one of the assumptions made in this analysis is that 
apart from the noise component of the overall membership density, the only exogenous 
impact will be that of the HEWRRs legislation. 
HEWRRs legislation will be treated as a permanent intervention and a step function is 
applied. The response will be analysed as an immediate impact, gradual impact or as no 
impact. 
The dummy variable of the step function in equation (2.2.S) can be re-written as: 
I?) = f0
1 
Aug 00 - Apr OS 
t May OS - Dec 08 (4.3) 
where 0 represents the absence and 1 the presence of the HEWRRs legislation 
respectively. Goodness of fit criterion and standardised residual plots will determined to 
check for the adequacy of the models. 
The hypothesis testing IS based on the following null (Ho) and alternative (HI) 
hypotheses: 
H0 = HEWRRs legislation has no significant impact on the NTEU membership density 
H1 = HEWRRs legislation has a significant impact on the NTEU membership density 
If the t-statistic of the effect is greater than or equal to 2 (a standard recommended 
value), then the null hypothesis is rejected and ultimately the alternative hypothesis is 
accepted. 
Analyses for immediate and gradual impact are considered. 
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4.1.2.1 Analysing the Immediate Impact 
Referring to the previous section 2.2, equation (2.2.7) will be applied to investigate 
whether or not there is an immediate impact on the membership density. The noise 
model identified takes the form of: 
£ Y= t +WI 
t (1-B)(l-<I>Blz) o t (4.4) 
A post-intervention residual diagnostic analysis for the model is performed. Figure 4.1.8 
shows the plots for the standardised residuals, ACF and p-values. 
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Figure 4.1.8: Residual diagnostic analysis of the post-intervention model. 
The residual analysis shows some signs of randomness, though there are some extreme 
outliers but the residual ACF shows pure noise. The p-value plot shows values greater 
than 0.05. The analysis of these plots indicates that the model used is a good fit for the 
post-intervention data. Coefficients for the immediate impact are shown in Table 4.1.2 
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Table 4.1.2: Coefficients of the post-intervention model for the analyses of immediate impact 
Immediate Im iJact 
sAR(l) Effect ( ffi0 ) 
Coefficients · - 0.7494 0.0036 
S.E 0.0576 0.0017 
t-statistics 13.0104 2.1176 
AIC -930.06 
From Table 4.1.2 t-statistics of the effect are greater 2, hence the null hypothesis will be 
rejected and the alternative will be accepted. It states that there is a significant 
immediate impact of the HEWRRs on the overall NTEU membership density. 
4.1.2.2 Analysing the Gradual Impact 
Gradual impact of the legislation is also investigated. An approach similar to that of the 
immediate impact analysis is carried out with the following gradual impact equation: 
(4.5) 
The residual diagnostic plots are shown in Figure 4.1.9. These plots show a purely 
random distribution of the residuals, indicating the adequacy of the model used . 
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Figure 4.1.9: Residual analysis of the post-intervention model I for the Gradual Impact 
The coefficients obtained for the gradual impact are tabulated in Table 4.1.3. 
T bl 4 1 3 C ffi . a e . . : oe ICients o fth d ltl h I . f d 1. e post-mterventron mo e or t e analysis o gra ua Impact 
Gradual Impact 
sAR(l) Rate ( 8) Effect ( ffi0 ) 
Coefficients 0.7486 0.1000 0.0041 
S.E 0.0587 0.6534 0.0025 
t-statistics 12.753 0.1530 1.64 
AIC -928.9 
The value of the rate and effect t-statistics are less than two. Therefore at the 95% 
confidence level the legislation has no statistically significant gradual impact on the 
overall membership density. 
4.2 Academic and General Staff 
In this section the Australia-wide membership density by designation is considered. The 
ARIMA models obtained for the pre-intervention data are the same as for the overall 
membership density. Both models 1 and 2 from section 4.1.2 were identified as possible 
models for the academic and general membership densities and out of these two models, 
model 1 of the form ARIMA (0, 1, 0) (1, 0, 0) 12 turned out to fall into the selection 
criterion of best model. The residual diagnostics are provided in Appendix E. 
4.2.1 Pre-Intervention 
A time series plot is obtained for the pre-intervention series which is represented by the 
black line in Figure 4.2.1. The post-intervention time series plot is represented by the 
red line. 
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Figure 4.2.1: Pre-intervention time plot for separate staff members, Post-intervention is 
represented by the red color 
Membership densities for the academic staff during the pre-intervention period show a 
gradual drop in the membership density while with the general staff, a linear increase is 
observed. Both densities show a drop at the beginning of 2003, 2004 and 2005. The pre-
intervention model coefficients for the academic and · general staff are shown in Table 
4.2.1. 
Table 4.2.1: Pre-Intervention Coefficients of ARIMA (0, 1, 0) (1, 0, 0) 12 for membership 
d 'ty b d . t ens1 y es1gna 1on. 
ACADEMIC GENERAL 
sAR{1) sAR{1) 
Coefficients 0.7382 0.6565 
S.E 0.0793 0.0854 
-
AIC -462.8 -530.79 
4.2.2 Post-Intervention 
Referring to Figure 4.2.1, as soon as the legislation came into effect, the membership 
density for both academic and general staff rose till 2006. The increase in membership 
density is steeper for general than for academic staff A gradual decrease is then 
observed for both densities. Analyses are done to investigate the presence of immediate 
and/or gradual impact The resulting coefficients are tabulated in Table 4.2.2 and Table 
4.2.3 respectively. 
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T bl 4 2 2 C ffi . a e .. : oe 1c1ents o f h d 1 fi h 1 . f. d' t e post-mterventwn mo e or t e ana1y_s1s o 1mme 1ate Impact 
ACADEMIC GENERAL 
Effect Effect 
sAR(l) 
. (COo) sAR(l) ( ffio) 
Coefficients 0.7577 0.0043 0.6844 0.0031 
S.E 0.0549 0.0025 0.0675 0.0015 
t-statistics 13.801 1.720 10.140 2.067 
AIC -858.96 -972.93 
Table 4.2.3: Coefficients of the post-intervention model for the analysis of gradual impact 
ACADEMIC GENERAL 
Rate Effect Rate Effect 
sAR(l) (8) (COo) sAR(l) (8) (COo) 
Coefficients 0.7522 0.4121 0.0052 0.6787 0.1130 0.0035 
S.E 0.0542 0.3782 0.0022 0.0679 0.4792 0.0017 
t-statistics 13.878 1.090 2.363 9.995 0.023 2.059 
AIC -859.54 -971.78 
Analysing the coefficients of the effect in Table 4.2.2, although there was a steep 
increase in the general staff density, the overall HEWRRs introduction did have a 
significant immediate impact. However no significant impact is observed for the 
academic staff. 
Both academic and general membership densities show a gradual impact. The impact on 
the academic density is much greater than on the general staff membership density. 
Another analysis is carried out to investigate whether there is any impact, if any, if the 
effect of the legislation is shifted to early January 2006 instead of April 2005. Neither 
immediate nor gradual impact is observed for the general staff. However, for the 
academic staff both immediate and gradual impacts are observed. This is also shown in 
·Figure 4.2.1 where after 2006, the membership density for the academic staff decreases. 
If one assumes that there is a lag until the intervention takes effect in January 2006 then 
there would have been both immediate and gradual impact on the academic staff 
membership density which is not captured when post-intervention analyses are done 
from the time the HEWRRs legislation took effect. From January 2006 onwards, there 
is also a decrease for the general staff. However the force of the legislation is not strong 
enough to cause a significant impact on the membership density. See Appendix D for 
the residual analysis of the January 2006 intervention. 
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Overall there has been a gradual impact of the HEWRRs legislation on both academic 
and general staff membership density. For the general staff, there was also an immediate 
impact whereas for the academic staff, there appears to have been a delay. 
4.3 States 
In this section the membership densities for both academic and general staff combined 
are analysed for each state. Separate analyses for each staff type are later investigated 
and the final outcomes are discussed in section 5 .1. 
When analysing the pre-intervention series, after applying first difference, all the six 
states showed similar plots for the ACF and PACF. However state F showed a different 
behaviour for the P ACF Based on these plots, two ARIMA models were analysed. The 
models were ARIMA (0, 1, 0) (1, 0, 0)12 as modell and ARIMA(l, 0, 0) (0, 1, 0),2 as 
model2. Of these two models, model2 showed a higher AIC value and also the residual 
testing concluded that the residuals were not randomly distributed. Hence, modell was 
chosen to be the most appropriate. The coefficients for the pre-intervention analysis are 
shown in Table 4.3.1. 
Table 4.3.1:Pre-Intervention coefficients of ARIMA modell for the six states of Australia 
STATES A B c D E F 
COEFFICIENTS 
sAR(l) .364 .705 .484 .559 .498 .365 
S.E .123 .083 .122 .111 .111 .124 
AIC -517.81 -440.96 -465.37 -494.11 -478.83 -440.55 
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Coefficients for the immediate impact are shown in Table 4.3.2. 
Table 4.3.2: Coefficients of the post-intervention model for the analysis of immediate impact 
STATES A .. B c 
Effect Effect Effect 
sAR(l) (<Do) sAR(l) (<Do) sAR(l) (<Do) 
Coeff .424 .002 .768 .005 .62 -.003 
S.E .099 .002 .059 .003 .073 .003 
t-statistics 4.283 1.000 13.017 1.67 8.493 1.000 
AIC -930.66 -824.73 -828.48 
STATES D E F 
Effect Effect Effect 
sAR(l) (<Do) sAR(l) (<Do) sAR(l) (<Do) 
Coeff .607 .002 .396 .004 .446 .006 
S.E .075 .002 .092 .003 .086 .004 
t-statistics 8.093 1.000 4.304 1.333 5.186 1.500 
AIC -920.23 -860.24 -824.26 
From the results obtained in Table 4.3.2, at 95% confidence level no immediate impact 
of the HEWRRs legislation is observed for the membership densities of the six states. 
Analysis for the gradual impact is investigated and the coefficients obtained are shown 
in Table 4.3.3. 
Table 4.3.3: Coefficients of the post-intervention model for the analysis of gradual impact 
STATES A B c 
Rate Effect Rate Effect Rate Effect 
sAR(l) {0) (<Do) sAR(l) (o) (<Do) sAR(l) Co) (<Do) 
Coeff .424 .003 .002 .77 .34 .006 .628 -.467 -.004 
S.E .098 .003 .002 .06 .34 .003 .072 .332 .003 
t-statistics 4.327 1.00 1.00 12.833 1.00 2.00 8.722 1.407 1.33 
AIC -928.66 -824.37 -828 
STATES D E F 
Rate Effect Rate Effect Rate Effect 
sAR(l) Co) (<Do) sAR(l) Co) (<Do) sAR(l) (o) (<Do) 
Coeff .607 .003 .002 .40 .37 .006 .45 .1 .006 
S.E .075 .003 .002 .09 .76 .003 .09 .61 .004 
t-statistics 8.093 1.00 1.00 4.444 .48 2.00 5.00 .016 1.500 
AIC -918.23 -859.7 -822.44 
From Table 4.3.3, for states B and E is there a gradual impact, of the legislation at the 
95% confidence level. Although all the six states show a gradual decrease in the NTEU 
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membership density for the post-intervention period (see Appendix B), the impact of the 
HEWRRs legislation was not strong enough to cause a significant effect on the 
membership density for all the states. (See Appendix G for results of the HEWRRs on 
the states by staff designation) 
4.4 University Groupings 
In this section, five Australian University groupings are analysed. Academic and 
general staff are also investigated and the results are discussed in section 5 .1. 
For the pre-intervention period, the appropriate model obtained from the analysis of the 
ACF and P ACF plots, after applying first difference, was the same as for the country 
overall and for the states. The second model where seasonal difference was applied first, 
resulted in a higher AIC value than model1 given by ARIMA (0, 1, 0) (1, 0, 0)12• Hence 
model1 is used as the pre-intervention model. Table 4.4.1 shows the coefficients for the 
pre-intervention model analysis. 
Table 4.4.1: Pre-intervention coefficients for each grouping 
Group I J K L M 
COEFFICIENTS 
sAR(l) .641 .561 .546 .484 .578 
S.E .094 .1007 .117 .0111 .1012 
AIC -479.32 -467.68 -485.74 -479.24 -441.86 
Table 4.4.2: Coefficients of the post-intervention model for the analysis of immediate impact 
GROUP I J K 
Effect Effect Effect 
sAR(l) ( ffio) sAR(l) ( ffio) sAR(l) ( ffio) 
Coeff .671 .003 .599 -.0007 .597 .0083 
S.E .067 .0022 .080 .0027 .083 .0023 
t-statistics 10.015 1.364 7.485 .259 7.193 3.610 
AIC -888.95 -862.61 -894.57 
GROUP L M 
Effect Effect 
sAR(l) ( ffio) sAR(l) ( ffio) 
Coeff .358 .0032 .5432 .045 
S.E .098 .0033 .0788 .0788 
t-statistics 3.653 .969 6.894 .5711 
AIC -841.87 -817.96 
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Observing the coefficients obtained in Table 4.4.2, none of the groupings, apart from 
group K, show a significant impact. The HEWRRs legislation had a strong immediate 
impact for group K. Table 4.4.3 shows the results obtained for the analysis for the 
presence of a gradual effect. 
T bl 4 4 3 C ffi . t fth d 1 fi th 1 . f d 1. a e .. . oe lClell S 0 e post-mterventwn mo e or e analysts o gra ua 1mpact . 
GROUP I J K 
Rate Effect Rate Effect Rate Effect 
sAR(l) Co) ( ffio) sAR(l) Co) ( ffio) sAR(l) Co) ( ffio) 
Coeff .671 .169 .0035 .599 .165 -.0007 .597 .089 .0085 
S.E .0671 .749 .0025 .080 .751 .0023 .083 .3007 .0023 
t-statistics 10 .225 1.40 7.487 .2197 .3043 7.192 .0295 3.69 
AIC -887.51 -860.61 -893.37 
GROUP L M 
Rate Effect Rate Effect 
sAR(l) (o) ( ffio) sAR(l) Co) ( ffio) 
Coeff .360 .0361 .0034 .5536 .0716 .0052 
S.E .092 .112 .0036 .0780 .132 .0028 
t-statistics 3.913 .3221 0.944 7.097 .5424 1.857 
AIC -839.94 -818.39 
An outcome similar to that of the immediate impact is obtained. Only for group K is 
there evidence of a significant gradual impact of the HEWRRs on the membership 
density. 
4.5 Individual Branches 
Analyses for the individual branches for the combined members were also conducted. 
Observing the time series plots, the majority of the branches showed a continuous 
decline in the membership density. However the decline was much steeper for the post-
intervention period than the pre-intervention. (See Appendix B for the time series plots 
for the membership density of the individual branches) 
Analysing the ACF and P ACF of the first differenced series, most of the branches 
produced white noise. Therefore, for these branches, the conclusion was drawn that 
there was no significant impact of the HEWRRs legislation on the combined NTEU 
membership density for academic and general staff combined. However for some 
branches, an appropriate seasonal ARIMA model was obtained after investigating the 
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plots for the ACF and PACF. Table 4.5 1 shows the best model obtained for these 
branches. 
a e • : ranc es s owm T bl 4 51 B h h l! appropna e moe s. t ARIMA d I 
Branch 1st Difference Seasonal Difference sARIMA model 
WCl v X (1,1,1)(1,0,0)12 
SAl X v (1,0,0)(0,1,0)12 
VBl X 
-../ (1,0,0)(1,1,0)12 
VDl X 
-../ (1,0,0)(0,1,0)12 
VMl v X (0,1,0)(1,0,0)12 
VM2 X 
-../ (1,0 ,0) (0 ,1,0) 12 
VRl v X (0,1,0)(1,0,0)12 
VSl X 
-../ (1,0,0) (1,1,0)12 
QGl v X (0,1,0)(1,0,0)12 
QQl X 
-../ (1,0,0)(1,1,0)12 
QQ2 X 
-../ (1,0,0)(0,1,0)12 
NMl v X (0,1,0)(1,0,0)12 
NN2 v X (1,1,1) 
NTl X v (1,0,0)(0,1,0)12 
NWl X 
-../ (1,0,0)(0,1,0)12 
AAl v X (0,1,0)(1,0,0)12 
NC2 v X (0,1,0)(1,0,0)12 
After obtaining the pre-intervention models, a post-intervention analysis was conducted. 
Analysis for immediate and gradual impact was investigated. Of the above seventeen 
universities, there was a significant impact of the HEWRRs on the membership 
densities for only three universities. The three universities that showed an impact were 
VMl, QGl and NTl. 
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5 - Discussion and Conclusion 
In this section, the analysis of the outputs .from Sections 4.1 to 4.4 will be discussed 
and conclusions as to whether or not there was an impact will be drawn. Section 5.1 
discusses the results, Section 5.2 talks about the limitations and any other future study 
that could be investigated. Lastly Section 5.3 presents the conclusion. 
5.1 Results from Intervention Analysis 
From the output obtained in the previous section, the impact of the HEWRRs legislation 
can be determined. Looking at the overall membership density, two models were 
obtained and analysed. In model1, a first difference was applied to the pre-intervention 
series, while in model 2, a seasonal difference was applied. Of these two models, the 
better one was selected based on the goodness of fit criterion and analysis of the 
residual ACF and standardised residual plots. It turns out that model 1 given· by 
ARIMA(O, 1, 0)(1, 0, 0)12 was the better model as it had a lower AIC value than model 
2 given by ARIMA(1, 0, 0)(0, 1, 0)12 and the residual analysis indicated that the 
residuals were randomly distributed The Ljung-Box statistics plot (Figure 4.1.6) showed 
significant p-values at the 95% confidence level. 
Both immediate and gradual impacts of the HEWRRs were analysed. Observing the t-
statistics of model 1 in Table 4.1.2 the null hypothesis can be rejected accepting the 
alternative that there isactually an immediate impact of the HEWRRs legislation on the 
overall NTEU membership density based on the t-statistics value which is greater than 
the standard value of 2 which is used as the 95% confidence level. However, there is no 
gradual impact observed since the rate at which the impact is detected is not statistically 
significant (Table 4.1.3). 
Intervention analyses for the states, groupings and branches were carried out. 
Throughout the analysis, model 1, ARIMA(O, 1, 0)(1, 0, 0)12 , was applied. The second 
model ARIMA(1, 0, 0)(0, 1, 0)12 was also applied but the model was inappropriate as 
higher AIC values were obtained at the pre-intervention period and the residual analysis 
showed non-random distribution of the residuals. Hence ARIMA model 1 was chosen 
as the most appropriate model to carry out the intervention analysis. Both the presence 
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of immediate and gradual impacts was considered. Table 5.1.1gives the summary ofthe 
impact of the HEWRRs legislation on overall and state NTEU membership densities. 
Table 5.1.1: Impact of the HEWRRs legislation on the overall and state NTEU membership 
densities 
HEWRRs IMP ACT 
NTEU MEMBERSHIP DENSITY LEVELS 
IMMEDIATE GRADUAL 
Level 
Australian Overall v X 
1 Academic Staff X v 
General Staff v v 
Level Academic & General Staff States A, C , D & F X X 
2 Combined States B & E X v 
From the Table 5.1.1, for the general staff members both immediate and gradual impact 
is observed as a result of the introduction of the HEWRRs legislation. For academic 
staff members there is only a gradual impact. However none of the six states show any 
immediate impact. Overall the HEWRRs had an immediate impact on the NTEU 
membership density for the country. Discussing the results for level 2 for the combined 
staff membership density, a gradual impact is observed for states B and E. However for 
states A, C, D and F there is no statistically significant impact of the legislation. 
Membership densities by staff designation for the states were also analysed to 
investigate whether there was an impact as a result of the legislation. In this case also 
two models were analysed and the better model was used. Model 1 of the form 
ARIMA(O, 1, 0)(1, 0, 0)12 turned out to be the better model to continue with the 
analysis. The results are summarised in Table 5.1.2 
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HEWRRs IMP ACT 
NTEU MEMBERSHIP DENSITY IMMEDIATE GRADUAL 
Academic General Academic General 
A X v X v 
B X X X X 
Level2 c X X X X 
States (separate 
D academic & general X X X X 
staff) E X X v X 
F X X X X 
When considering academic and general staff separately, neither immediate nor gradual 
impact is observed for State B, C, D and F. For the general staff members of State A 
there was both immediate and gradual impact while there was no significant impact for 
the remaining states. For the academic staff the HEWRRs had a gradual impact on the 
membership density of state E only. 
In addition to the analysis at state level, analysis by Australian university groupings was 
carried out. The five groups that were considered are Group I, J, K, L and M. 
Summarised outcomes are shown in Table 5.1.3 
Table 5.1.3: Impact of the HEWRRs legislation on the NTEU membership densities of 
A t 1' . 't . us ra tan umvers1 y groupmgs 
HEWRRs IMPACT 
NTEU MEMBERSHIP DENSITY 
IMMEDIATE GRADUAL 
I X X 
Level3 J X X 
Group K v v 
(Combined Staff) L X X 
M X X 
The HEWRRs legislation had no immediate or gradual impact on the five groups except 
for group K for which there was both immediate and gradual impact. 
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On the other hand, the results obtained from the analysis of separate staff membership 
densities showed different results from those of Table 5.1.3. Table 5.1.4 shows the 
HEWRRs impact on the staff for the five groupings. 
Table 5.1.4: Impact of the HEWRRs legislation on the NTEU membership density for separate 
h . . . 
staffs for t e five umvers1ty groupmgs. 
HEWRRs IMP ACT 
NTEU MEMBERSHIP DENSITY IMMEDIATE GRADUAL 
Academic General Academic General 
I X X X X 
J X X v X 
Level3 K v v v v 
Group (Separate Staff) 
L X X X v 
M X X v X 
For Group K there was both immediate and gradual impact for both staff designations. 
The HEWRRs legislation had a gradual impact on the academic staff membership 
density for groups J, K and M. A gradual impact is also shown in group L while no 
impact is observed for group I. · 
Individual branches were also analysed. However of the thirty six branches, nineteen 
branches showed pure white noise for the ACF and P ACF plots, therefore no further 
investigation for intervention analysis could be conducted. However for the remaining 
seventeen branches, using the appropriate ARIMA models, post-intervention analyses 
were conducted and the results are summarised in Table 5.1.5. 
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NTEU MEMBERSHIP DENSITY HEWRRs IMP ACT IMMEDIATE GRADUAL 
WCl X X 
SAl X X 
VBl X X 
VDl X X 
VMl X .,( 
VM2 X X 
VRl X X 
Level4 VSl X X 
Individual Branches QGl .,( .,( 
(Combined Staff) QQl X X 
QQ2 X X 
NMl X X 
NN2 X X 
NTl .,( .,( 
NWl X X 
AAl X X 
NC2 X X 
HEWRRs legislation had both an immediate and a gradual impact on the NTEU. 
membership for both QG 1 and NTl branch. However, only a significant gradual impact 
is observed for the VMl branch. 
5.2 Limitations and Future Research 
One of the limitations experienced when undertaking this research was that the post-
intervention data just met the requirements for the intervention analysis. However, there 
could be the possibility that if larger ·post-intervention series were used, different 
outcomes could have appeared. 
In this research the only exogenous impact investigated was that of the HEWRRs 
legislation, however the impact of the industrial action of the NTEU could be 
considered in addition. Also an investigation by gender could be considered as a future 
research. 
A drop in membership density is observed at the end of most of the years, this could be 
due to recruitment and retirement patterns. 
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Most of the individual branches showed white noise for the ACF and P ACF plots. In a 
future research, a simple regression model could be obtained by fitting HEWRRs 
legislation as the exogenous variable. 
5.3 Conclusion 
The aim of this research was to investigate the impact, if any, of the HEWRRs on the 
full time equivalent NTEU membership density. Techniques such as Time Series 
Analysis and Intervention Analysis made it possible to carry out the investigation. 
Combinations of thirty six universities, both for the academic and general staff were 
analysed. Two models were obtained and the best model was then used based on the 
values of the AIC and residual analysis. 
An intervention analysis was carried out to check whether or not the HEWRRs 
legislation had an immediate or/and gradual impact on the NTEU membership densities. 
For the Australia-wide membership density, an immediate impact of the HEWRRs was 
obtained. Analysing academic and general staff separately, HEWRRs legislation had a 
gradual impact while the general staff showed both immediate and gradual impact on 
the membership density. No immediate impact was observed for the six states and two 
states showed a gradual impact. For most ofthe individual universities there was little 
or no impact. 
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Appendix A - R Code 
x=scan("AG _Combined. txt") 
t=ts(x[1:101],start=c(2000,8),end=c(2008,12),freq=12) ##Overall Series## 
t1=ts(x[1:57],start=c(2000,8);e:ild=c(2005,4),freq=12) ##Pre-Intervention Series## 
t2=ts(x[ 58: 101 ],start=c(2005 ,5),end=c(2008, 12),freq= 12) ## Post-Intervention Series ## 
library(TSA) ## Installing Time Series Package to perform Time series tasks ## 
############################################################################ 
plot(t,main="Country Overall" ,font.main=2,lty= 1 ,lwd=2,col= 1, 
xlab="August 00- December 08", 
ylab="Membership Density",ylim=c(0,0.4)) 
abline(v=2005.4,col= 1,lwd= 1.5,lty=2) 
abline( v=200 1 ,co1=5 ,lwd=O .1 ,lty=4) 
abline(v=2002,co1=5,lwd=0.5,1ty=4) 
abline(v=2003,col=5,lwd=0.5,lty=4) 
abline(v=2004,co1=5,lwd=0.5,lty=4) 
abline( v=2005 ,col=5 ,lwd=O .5 ,lty=4) 
abline(v=2006,co1=5,lwd=0.5,1ty=4) 
abline(v=2007,col=5,lwd=0.5,lty=4) 
abline( v=2008,col=5 ,lwd=O .5 ,lty=4) 
abline( v=2009 ,co1=5 ,lwd=O .5 ,lty=4) 
text(2005.4,0.35,"HEWRRs Introduction",adj=c(-0.1,-1)) 
text(2005 .4,0.23 ,"Post-Intervention" ,col= 1 ,adj=c( -0.3,-1)) 
k1 =c(2005 .4,2009) 
v1 =c(0.24,0.24) 
lines(k1,v1,1ty=4) 
text(200 1.4,0.27, "Pre-Intervention" ,col= 1 ,adj=c( -0.2,-2)) 
k=c(2000.4,2005.4) 
v=c(0.29,0.29) 
lines(k,v,lty=4) 
############################################################################ 
png(file="plot.png", width=500, height=500) 
plot(t1 ,ylim=c(O,O .4),sub="Pre-Intervention Period", 
xlab="Aug 00- Apr 05", ylab="Membership Density", 
main="Country Overall",lwd=2) 
dev.off() 
############################################################################ 
### ACF AND P ACF USING 1 sr DIFFERENCE ### 
a=acf(ts(diff(t)),main="Overall_COMBINED",ylim=c(-1,1),ci=0.95,ci.col=2,36) 
A=pacf(ts(diff(t)),main="Overall_COMBINED",ylim=c(-1,1),ci=0.95,ci.col=2,36) 
a 1 =acf( ts( diff( t 1)) ,main=" Country Overall", 
ylim=c( -1,1 ),ci=0.95,ci.col=2,40, 
sub="Pre-Intervention Period") 
A1=pacf(ts(diff(t1)),main="Country Overall", 
ylim=c( -1,1 ),ci=0.95,ci.col=2,40, 
##Pre-Intervention ACF ## 
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sub="Pre-Intervention Period") ##Pre-Intervention P ACF ## 
a2=acf(ts( diff(t2) ),main="Post-Intervention ",ylim=c( -1,1 ),ci=0.95 ,ci.col=2,36) 
A2=pacf(ts( diff(t2)),main="Post-Intervention" ,ylim=c( -1,1 ),ci=0.95,ci.col=2,36) 
############################################################################# 
### 12TH DIFFERENCE INTRODUCED ### 
par(mfrow=c(1 ,2)) 
b 1 =acf(ts( diff( t 1, 12) ),lag=40 ,main=" Country Overall", 
xlab="Lag",ylab="ACF",ylim=c(-1,1),ci=0.95,ci.col=2, 
sub="Pre-Intervention Period") 
b2=pacf(ts(diff(t1,12)),lag=40,main="Country Overall", 
xlab="Lag" ,ylab="Partial ACF" ,ylim=c( -1,1 ),ci=0.95,ci.col=2, 
sub="Pre-Intervention Period") 
############################################################################# 
##### MODEL ######### 
# (0,1,1)12 MODEL 3# 
# (0,1,0)(1,0,0)12 MODEL 1# 
# (1,0,0)(0,1,0)12 MODEL 2# 
#(1,0,0)(0,1,1)12 MODEL 4# 
############################# 
############################################################################# 
######PRE-INTERVENTION COEFFICIENTS###### 
ar11 =arima(tl,c(0,1,0),1ist( order=c(1,0,0),period= 12)) 
ar11 
tsdiag( ar 11) 
ar12=arima(t1,c(1,0,0),1ist(order=c(0,1,0),period=12)) 
ar12 
tsdiag(ar12) 
ar 13=arima(t1 ,c( 1 ,O,O),list( order=c(O, 1,1 ),period= 12)) 
ar13 
tsdiag(ar13) 
############################################################################# 
### MODEL FOR INTERVENTION ### 
I=c(rep(0,57),rep(1,44)) 
D=data.frame(I) 
############################################################################# 
### DETERMINING THE IMMEDIATE IMPACT ### 
##Model 1 ### 
ar11 =arima(x,c(0,1,0),1ist( order=c(1 ,O,O),period= 12),xreg=D) 
ar11 
36/17 
tsdiag( ar11) 
##Model2 ## 
###greater than 2### 
###Diagram Showing The Analysis Of Residual### 
ar12=arima(x,c( 1 ,O,O),list( order=c(O, 1 ,O),period= 12),xreg=D) 
ar12 
tsdiag(ar12) 
##Model3 ## 
48 
ar 13=arima(x,c(O, 1, 12),fixed=c(rep(O, 11 ),NA,NA),xreg=D) 
ar13 
## Model 4 ### 
ar 14=arima(x,c(1 ,O,O),list( order=c(O, 1,1 ),period= 12),xreg=D) 
ar14 
tsdiag( ar 14) 
############################################################################# 
### DETERMINING THE GRADUAL IMP ACT ### 
ar 12=arima(x,c(0,1 ,O),list( order=c(1 ,O,O),period= 12),xtransf=D,transfer=list( c(1 ,0))) 
ar12 
41125 ### Less than 2 ### 
tsdiag(ar12) 
ar11 =arima(x,c( 1 ,O,O),list( order=c(O, 1 ,O),period= 12),xtransf=D,transfer=list( c(1 ,0))) 
ar11 
tsdiag( ar 11) 
ar 13=arima(x,c(1 ,O,O),list( order=c(O, 1,1 ),period= 12),xtransf=D ,transfer= list( c(1 ,0))) 
ar13 
tsdiag(ar13) 
############################################################################# 
############## CONCLUSION ########## 
# Immediate Impact is obtained # 
# Overall, the HEWRRs Legislation had an # 
# immediate impact on the Combined sector # 
# for the whole of Australian Institutions # 
################################################# 
############################################################################ 
#####Using JAN 2006 INTERVENTION#### 
x=scan("AG _Combined. txt") 
t=ts(x[1:101],start=c(2000,8),end=c(2008,12),freq=12) ##Overall Series## 
t1 =ts(x[1 :66],start=c(2000,8),end=c(2006,1 ),freq= 12) ##Pre-Intervention Series## 
t2=ts(x[67: 101 ],start=c(2006,2),end=c(2008,12),freq= 12) ##Post-Intervention Series## 
############################################################################# 
I=c(rep(0,65),rep(1,36)) 
D=data.frame(I) 
ar11 =arima(x,c(O, 1 ,O),list( order=c(1 ,O,O),period= 12),xreg=D) 
ar11 
tsdiag( ar11) 
27/18 #1.5# No immediate impact 
ar 12=arima(x,c(O, 1 ,O),list( order=c(1 ,O,O),period= 12),xtransf=D,transfer=list( c(l ,0))) 
ar12 
tsdiag(ar12) 
27/18 #1.5# No gradual impact 
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Appendix C - ACF and PACF for Country, States and Groups 
ACF and PACF of Country' s Academic and General Staff 
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ACF and P ACF for States OVERALL Membershi Density 
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ACF and P ACF for States ACADEMIC Membership Density 
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ACF and P ACF for States GENERAL Membership Density 
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ACF and P ACF for Groups OVERALL Membership Density 
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ACF and P ACF for Groups ACADEMIC Membership Density 
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ACF and P ACF for Groups GENERAL Membership Density 
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Appendix D - Residual Analysis for the JANUARY Intervention 
Residual Analysis of model 1: ARIMA(O, 1 ,0)(1 ,0,0) 12 for the Country's OVERALL 
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Residual Analysis of model 1: ARIMA(O, 1 ,0)(1 ,0,0)12 for the Country's ACADEMIC 
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Residual Analysis ofmodell: AR1MA(0,1,0)(1,0,0) 12 for the Country's GENERAL 
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Appendix E - Residual Analysis for Country, States and Groups 
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Residual Analysis of model 1: ARIMA(0,1,0)(1,0,0)12 for the State A COMBINED 
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Residual Analysis of model 1: ARIMA(O, 1 ,0)(1 ,0,0) 12 for the Group K GENERAL 
membership density. 
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Residual Analysis of model I: ARIMA(O,l,O)(l,0,0) 12 for the Group L GENERAL 
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Residual Analysis ofmodell: ARIMA(O,l,O)(l,0,0) 12 for the Group M GENERAL 
membership density. 
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Appendix F- Residual analysis for branches VM1, QG1 and NT1 
Residual Analysis ofmodel1: ARIMA(0,1,0)(1,0,0) 12 for the Branch VM1 Overall 
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Residual Analysis of model 1: ARIMA(O, 1 ,0)(1 ,0,0)12 for the Branch QG 1 Overall 
membership density. 
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Residual Analysis ofmodel2: ARIMA(l,O,O)(O,l,0) 12 for the Branch NTI Overall 
membership density. 
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Appendix G - HEWRRs impact on States and Groups by staff 
designation 
STATES ACADEMIC IMMEDIATE IMPACT 
STATES A B c 
Effect Effect Effect 
sAR(l) ( ffio) sAR(l) ( ffio) sAR(l) ( ffio) 
Coeff 0.4042 9e-04 0.6936 0.0055 0.5907 -0.0008 
S.E 0.0956 4e-03 0.0660 0.0032 0.0756 0.0045 
t-statistics 4.23 0.225 10.510 1.720 7.814 0.178 
AIC -800.57 -811.84 -759.09 
STATES D E F 
Effect Effect Effect 
sAR(l) ( ffio) sAR(l) ( ffio) sAR(l) ( ffio) 
Coeff 0.6963 0.0020 0.4136 0.0054 0.5034 0.0073 
S.E 0.0646 0.0033 0.0896 0.0050 0.0863 0.0053 
t-statistics 10.780 0.610 4.620 1.08 5.833 1.378 
AIC -807.74 -754.44 -732.7 
STATES ACADEMIC GRADUAL IMPACT 
STATES A B c 
Rate Effect Rate Effect Rate Effect 
sAR(l) (o) ( ffio) sAR(l) (o) ( ffio) sAR(l) (o) ( ffio) 
Coeff 0.4042 1e-04 9e-04 0.6949 0.3213 0.0058 0.5907 1e-04 -8e-04 
S.E 0.0956 1e-05 3e-03 0.0659 0.3834 0.0031 0.0756 1e-05 8e-04 
t-statistics 4.23 10.00 0.300 10.545 .838 1.871 7.813 10.00 1.00 
AIC -798.57 -810.49 -757.09 
STATES D E F 
Rate Effect Rate Effect Rate Effect 
sAR(l) (o) ( ffio) sAR(l) (o) ( ffio) sAR(l) (o) ( ffio) 
Coeff .6980 .2644 .0027 .4476 .7764 .0068 .5088 .395 .0082 
S.E .0646 .03770 .0034 .0904 .1438 .0034 .0859 .350 .0050 
t-statistics 10.804 7.149 .794 4.955 5.399 2.000 5.923 1.133 1.640 
AIC -806.06 -755.74 -734.7 
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STATES GENERAL IMMEDIATE IMPACT 
STATES A B c 
Effect Effect Effect 
sAR(l) ( ffio) sAR(l) ( ffio) sAR(l) ( ffio) 
Coeff .0595 .003 .7780 .0050 .4416 .0034 
S.E .0155 .0015 .0605 .0031 .0881 .0034 
t-statistics 3.839 2.000 12.86 1.613 5.012 1.000 
AIC -817.03 -806.99 -806.07 
STATES D E F 
Effect Effect Effect 
sAR(l) ( ffio) sAR(l) ( ffio) sAR(l) ( ffio) 
Coeff .431 .002 .4214 .0036 .3116 .0051 
S.E .0886 .0014 .0916 .0020 .0962 .0032 
t-statistics 4.865 1.430 4.600 1.80 3.239 1.594 
AIC -987.70 -935.2 -855.02 
STATES GENERAL GRADUAL IMPACT 
STATES A B c 
Rate Effect Rate Effect Rate Effect 
sAR(l) Co) ( ffio) sAR(l) (o) ( ffio) sAR(l) (o) ( ffio) 
Coeff .0568 .029 .0031 .7767 .1699 .. 0059 .4482 .2313 .0041 
S.E .0090 .019 .0009 .0610 .6269 .0039 .0889 .5484 .0035 
t-statistics 6.311 1.526 3.444 12.733 .2710 1.513 5.042 .4218 1.1714 
AIC -819.33 -806.07 -826.11 
STATES D E F 
Rate Effect Rate Effect Rate Effect 
sAR(l) (o) ( ffio) sAR(l) (o) ( ffio) sAR(l) (o) ( ffio) 
Coeff .4338 .0577 .0021 .4228 .0620 .0037 .3117 0010 .0051 
S.E .0888 .0501 .0023 .0916 .0146 .002 .0966 .0011 .0032 
t-statisiics 4.885 1.152 .9130 4.616 4.247 1.85 3.227 .909 1.594 
AIC -999 -933.34 -853.02 
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GROUPS ACADEMIC IMMEDIATE IMPACT 
GROUP I J K 
Effect Effect Effect 
sAR(l) (roo) sAR(l) (roo) sAR(l) (roo) 
Coeff .6944 .002 .5621 .0020 .4584 .0130 
S.E .0646 .003 .0812 .0042 .0903 .0042 
t-statistics 10.75 .667 6.847 .0476 5.0764 3.095 
AIC -829 -.775.73 -783.18 
GROUP L M 
Effect Effect 
sAR(l) (roo) sAR(l) (roo) 
Coeff .3609 .0029 ..5852 .005 
S.E .1001 .0043 .0735 .0052 
t-statistics 3.610 .6744 7.962 .962 
AIC -788.55 -731.27 
GROUPS ACADEMIC GRADUAL IMPACT 
GROUP I J K 
Rate Effect Rate Effect Rate Effect 
sAR(l) (8) (roo) sAR(l) (8) (roo) sAR(l) (8) (roo) 
Coeff .6975 .1041 . 0024 .560 .06 .0023 .4615 . .2401 .0131 
S.E .0645 .115 .0014 .0811 .06 .0032 .0901 .0845 .0042 
t-statistics 10.814 .905 1.714 6.905 1.00 .7188 5.122 2.841 3.119 
AIC -827.16 -773.78 -781.79 
GROUP L M 
Rate Effect Rate Effect 
sAR(l) (8) (roo) sAR(l) (8) (roo) 
Coeff .3609 1e-04 .0028 .6032 .6539 .0088 
S.E .0978 1e-04 .0028 .0718 .1495 .0041 
t-statistics 3.69 1.00 1.00 8.401 4.374 2.146 
AIC -786.55 -733.54 
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GROUPS GENERAL IMMEDIATE IMPACT 
GROUP I J K 
Effect Effect Effect 
sAR(l) (COo) sAR(l) (COo) sAR(l) (COo) 
Coeff .5459 .0037 .5616 .0024 .4340 .005 
S.E .0792 .0021 .0874 .0022 .0927 .0019 
t-statistics 6.892 1.762 6.426 1.091 4.68 2.632 
AIC -911.25 -908.5 -946.48 
GROUP L M 
Effect Effect 
sAR(l) (COo) sAR(l) (COo) 
Coeff .1732 .0026 .2764 .0036 
S.E .1053 .0034 .0963 .0034 
t-statistics 1.645 .765 2.870 1.058 
AIC -846.53 -842.83 
GROUPSGENERALGRADUALIMPACT 
GROUP I J K 
Rate Effect Rate Effect Rate Effect 
sAR(l) (8) (COo) sAR(l) (8) (COo) sAR(l) (8) (COo) 
Coeff .5464 .0989 .0039 .5599 .0406· .0027 .439 .3917 .0055 
S.E .0793 .4521 .0022 .0886 .9472 .0034 .0929 .0809 .0017 
t-statistics 6.890 .2168 1.773 6.320 .0430 0.794 4.726 4.842 3.235 
AIC -909.64 -906.62 -947.44 
GROUP L M 
Rate Effect Rate Effect 
sAR(l) (8) (COo) sAR(l) (8) (COo) 
Coeff .1753 .0339 .0028 .2765 .0010 .0036 
S.E .1025 .0113 .0014 .0964 .0292 .0044 
t-statistics 1.710 3.00 2.000 2.868 .342 0.818 
AIC -844.59 -840.83 
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Appendix H- HEWRRs impact on VM1, QG1 and NT1 Branches 
Branch VMl: Combined academic and general to investigate for IMMEDIATE 
IMPACT 
Immediate Impact 
sAR(l) Effect ( C00 ) 
Coefficients .5340 .0061 
S.E .0821 .0043 
t-statistics 6.504 1.4186 
AIC -773.01 
Branch VMl: Combined academic and general to investigate for GRADUAL IMPACT 
Gradual Impact 
sAR(l) Rate ( 8) Effect ( C00 ) 
Coefficients .5474 .6748 .0073 
S.E .0812 .1572 .0033 
t-statistics 6.741 4.293 2.212 
AIC -774.24 
Branch QGl: Combined academic and general to investigate for IMMEDIATE 
IMPACT 
Immediate Impact 
sAR(l) Effect ( C00 ) 
Coefficients .5397 .0112 
S.E .0869 .0040 
t-statistics 6.211 2.8 
AIC -785.79 
Branch VMl: Combined academic and general to investigate for GRADUAL IMP ACT 
Gradual Impact 
sAR(l) Rate ( 8) Effect ( C00 ) 
Coefficients 
' 
.5396 .0043 .0112 
S.E .0872 .0020 .0041 
t-statistics 6.188 2.150 2.732 
AIC -783.79 
Branch NTl: Combined academic and general to investigate for IMMEDIATE 
IMPACT 
Immediate Impact 
sAR(l) Effect ( C00 ) 
Coefficients .9194 .0145 
S.E .0401 .0048 
t-statistics 22.927 3.021 
AIC -635.86 
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Branch NTl: Combined academic and general to investigate for GRADUAL IMP ACT 
Gradual Impact 
sAR(1) Rate (o) 
Coefficients .9175 .0422 
S.E .0397 .0023 
t-statistics 23.11 18.35 
AIC -634.21 
Appendix I- Australian University Groupings 
1. Group of Eight (G08) 
University of Western Australia 
University of Melbourne 
Australian National University 
University of Sydney 
Monash University 
University of Adelaide 
University of Queensland 
University ofNew South Wales 
2. Australia Technology Network (ATN) 
Curtin University 
University of South Australia 
RMIT University 
University of Technology Sydney 
Queensland University of Technology 
3. Innovative Research Universities (IRU) 
The.Flinders University of South Australia 
Griffith University 
James Cook University 
La Trobe University 
Murdoch University 
The University of Newcastle 
123 
Effect ( m0 ) 
.0146 
.0056 
2.61 
4. New Generation Universities (NGU) 
· Australian Catholic University 
Central Queensland University 
Edith Cowan University 
Southern Cross University 
Victorian University 
University of Ballarat 
University of Canberra 
University of Southern Queensland 
University of Sunshine Coast 
University of Western Sydney 
5. PREE89 Universities 
Deakin University 
Macquarie University 
The University ofNew England 
University ofWollongong 
University of Tasmania 
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